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Critical Resource Indication: Simplified Concepts
1. Introduction

The concept of Critical Resource Indication was first presented (just over one year ago!) at GERAN2#26bis and has since been refined. A complete proposal, detailing the benefits and addressing some previously raised concerns was presented at G#29 [1], on which this present document is based.

In the meantime, GERAN2 has also received liaison statements from SA2 and RAN3, requesting that they be kept informed of progress in GERAN2.

In this paper, we present the results of Siemens' further investigation of the proposal, and resulting further simplifications, leading to a number of key points that should be communicated to SA2 and RAN3.

2. Concept

The original concept can be summarized as follows:

· Currently, the source BSS is allowed to cancel a PS or DTM Handover after it has received (via the core network) the radio interface message (DTM Handover Command/PS Handover Command or Handover Command message).
· Possible reasons for cancellation may include current cell load, current radio conditions and the amount and type of radio resources set up by the target BSS.
· It is proposed that, before sending the (PS) HANDOVER REQUIRED, the source BSS evaluates the minimum set of PFCs which must be set up by the target, in order for the handover to proceed, and inform the target BSS of this.
· The target BSS cancels the handover if it cannot allocate radio resources for all of these critical PFCs (since it knows that the source BSS would otherwise cancel the handover), thus:

· saving radio resources in the target cell and signalling messages in the core network;
· preventing users in the target cell from potentially experiencing unnecessary pre-emption of their PFCs;

· speeding up a possible new PS or DTM handover attempt at the source BSS.  
The legacy behaviour and the proposed concept are illustrated by the figures below.

Actions in red apply only if the handover is cancelled.

Actions in green apply only if the handover is not cancelled.
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Figure 1 - Legacy Behaviour
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Figure 2 - Proposed behaviour
3. Technical Issues
 Inter-RAT Handover
One issue which was of interest was whether this could be applied to inter-RAT handovers.  It has subsequently been discovered that this would not be appropriate, for the following reason.  

For GERAN-GERAN handovers, critical PFCs could be identified by their respective PFIs.  However, this is not possible for GERAN-UTRAN or vice versa, because PFIs are not used in UTRAN (RAB Ids are).  It was therefore proposed to identify the set of critical resources in terms of a Critical ARP level: PFCs/RABs with ARPs above this level being considered critical.

However, this approach is also not feasible, due to the fact that PFC ARP values and RAB ARP values are determined independently of each other: therefore, a BSS cannot predict what the ARP value of a PFC/RAB will be in UTRAN (and vice versa).  As a result of this, a source RNC/BSS is unable to specify a meaningful Critical ARP value.
Use of ARP for GERAN-GERAN Handover
It was incorrectly indicated in [1] that the full range of ARP values (0-14 inclusive) could be used in GERAN.  In fact, only three values are used.

This significantly reduces the granularity of an ARP-based definition, and is therefore considered not such a useful approach.

4. Revised proposal
Option 1
It is proposed that the previous concept be simplified as follows:
1. Critical Resource Indication does not apply to inter-RAT handovers

2. ARP is not used as an indicator of criticality

3. A list of critical PFIs is used to indicate those which (if any) are critical.

Option 2
Previously, it was suggested by some other companies, that, since the criticality decision was likely to be linked to the cause code, additional 'hints' could be added to cause codes to indicate the criticality of PFCs being requested.

Specifically, it is suggested that handover causes are classified as 'critical' or 'non-critical'.  Critical causes would apply to all those handovers initiated for radio conditions reasons.  In such cases, the handover should proceed if at all possible, and so the target BSS should always proceed with the resource allocation if at all possible.

For 'load-related' cases (for example, where a BSS is trying to balance out the load), it is likely that the source BSS may cancel the handover if the QoS in the new cell is worse than that in the old cell.  Therefore the target BSS should cancel the handover if it could not allocate resources for all requested PFCs.

The current list of causes for PS Handover is not explicit, but examples are listed in parenthesis:

"Uplink quality", "Uplink strength", "Downlink quality", "Downlink strength", "Distance", "Better cell", "Traffic" or  "O&M intervention".
Others that might be used include "cell traffic congestion".

The exact split of these into 'Critical' and 'non-Critical' is considered an open issue.  However, one option would be to classify these as follows:

	Critical Cause Values
	Non-critical Cause Values

	Uplink quality
	Cell traffic congestion

	Uplink strength
	Traffic

	Downlink quality
	

	Downlink strength
	

	O&M intervention
	

	Distance
	

	Better cell
	


5. Impacts

There are no impacts on either the MS or the core network.

For option 1, two additional IEs are defined for the transparent containers. The impact on processing at the BSSs is illustrated in the figures above.  Since this proposal simply changes the order of algorithms at the source BSS, there is no net processing increase (in fact, there may be a decrease in processing, since the two algorithms are likely to be very similar and may be efficiently integrated to reduce complexity).

At the target BSS, there would be an additional check to be made to see if all critical resources had been allocated. However, the benefits to the target BSS of making this check are considerable (see below).

For option 2, no additional IEs are required, and there is minimal impact on the BSSs.
6. Benefits

The key benefits arising from this proposal relate to the reduction in resources (both air interface and signalling), time and pre-emption procedures used in the case where the target BSS is now able to cancel the handover, knowing that the source BSS would have cancelled it.

The following is a summary of the benefits:
 

a. Reduction in signalling between the source and the target BSS if the PS/DTM HO is cancelled (by the target BSS, rather than by the source BSS) because not all critical PFCs can be allocated
 

b. Higher availability of radio resources in the target cell when PS/DTM HO is cancelled

 
c. Better service perception for users in the target cell who are no longer affected by unnecessary pre-emption of their (lower ARP priority, pre-emptable) PFCs
d. Faster reaction at the source BSS when PS/DTM HO is cancelled

Other key features of the proposal are:
a. There is no negative impact to the successful PS/DTM Handover case
b. The proposal is flexible, future-proof, and minimizes inter-vendor interoperability issues
7. Conclusion

This paper has described two options to simplify the concept of Critical Resource Indication.
It is hoped that GERAN2 can reach consensus on which (if any) of the above options should be adopted.

It is proposed to reply to the previous liaison statements, indicating the outcome of the discussion in GERAN2 and specifically that, whatever the conclusion of GERAN2, any new approach will not be based on ARP values.
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